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C TEFTING FOR USDERCAOL NN LEAKS

tc1 Check vegeration in the area for anv indication of
damage by spiltage. dumping or contaminated ground.
Wil

(dr Using a combusiible gas indicator. check sewers

and other underground cavities such as telephane and
utility conduit manholes for presence of vapors and make
visual inspection for signs ol foreign liquids on water sur-
Eaces.

(e} Check nearby excavations and sieep cuts or natural
slopes below the patential source for signs of liquid com-
ing through the soil.

3-2,2.4.2 When leaks in equipment are discovered, ask
the user and owner to stop use of the equipment unul ¢* =
leak is repaired. Pump out liquid in storage if it is st 'i
escaping through the leak.

3-2,2.4.3 If large spills have been reported or there are
indications that there has been repeated dumping or
spilling of flammable or cambustible liquids into sewers
or an the ground, ask those involved to modify their
OpErations to prevent recurrence. '

3.2.2 4.4 Be reasonable and fair. recognize thas small
spills may inadvertenily occur and thar a very small
amount of petroleum liquid (just one cup of gasoline, for
example) on a wer pavement will spread over a lar
area, appearing o be a more severe spill than it actually
is. Spills on the surface that spread out will dissipate
rapidly and are not likely sources of underground con-
tamination. The significant spills are large spills that can
Row to points of access to underground structures or
areas of porout soil, or repeated smalier spills char im-
mediately flow into structures or soak into wils and reach
the water table.

3-2.2.4.5 If an obvious source, ot one or more likely
sources. has been found and further escape of liquids
eliminated, further search may be temporarily suspended
to determine whether, in fact, the located source{s} is the
‘cause of the problem. While removal and protective
measures are taken, monitor and record the {low of lig-
uid, the amount of liquid, and the vapor concentration at
those locations where the problem exists. If there is a
distinct and continuous decrease it may be assumed that
the source(s) has been found and further contamination
eliminated. The decrease may not show up immediately;
it may. in fact, require days or weeks to remove liquid
that has accumulated underground or for it to dissipate.
Refer to Chapter 5. “Tracing Liquids Underground.” 1o
determine how much time may be required befare a
decrease at the monitoring point may be expected.

$.2.2.4.6 If. after a reasonable length of time as deter-
mined with the reference above, the supply of liquid :a
the threatened area does not stop or show definite
decrease. further investigation should be conducied
simultaneously along two paths. These two paths also
should be followed if no source is found.

3-2.2.4.7 One path is to test flammable or combustible
liquid storage and handling equipment in the vicinily of
the contaminated area; the other 15 1o trace the liquid un-
derground from its point of discovery. Tracing is con-
ducted to determine Lthe extern of the contamination, the
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saurceis). Tests on -underground squipment arg pef:
formed to determine definitely whether or fol they are a
source  [Ser Chapter 4 "Testing for Underground
Leaks “and Chaprer 5. "Tracg Liqurds Underground 7

X Chapter 4 Testing for Underground Leaks

4-1 General.
£.1.1 Tests 1o derermine the tightness of underground
liquid-handling equipment will have to be conducted
when: '

{a) The search procedures of Chapter 3 or the tracing

chrdurcs of Chapter 5 indicate a probable or likely
rakage source, but the acrual cause is nor determined

from surface observation;
{b) There is 2 suspicion of a leak because of reperred
stock losses;

{c) There is a report of the accumulation of water in a
tank.

4-1.2 Review all data previously gathered o determine
the most efficient method or methods of testing. There
are severa) quick and simple tests described in this
chapter that may reveal a leak under certain ar
cumstances. If one of these preliminary tests does not
reveal the source of a suspected leak, it cannot be con-
cluded chat the liquid-handling system is :iﬁhr.. but the
possibility of quicl?ljr sulvinF the problem will often war-
rant the limited effort involved before a Precision Test is
undertaken. {See¢ #-3.171.)

4-1.3 One or more of these preliminary tests would be

| particularly desirable if Precision Test equipment is nol

immediately available. If such equipment is available,
time and labor costs may be reduced by immediately
making a Precision Test.

4-1.4 Regardless of the testing procedure involved, keep
in mind that liquid-handling equipment should be tested
in a condition as ciose as possible to operating conditions.
Excestive pressures of tests by nonrepresentative liquids
may indicate leaks where none exists or conceal leaks
where one, in fact, exists.

4-2 Action Preliminary to Testing.

4-2.1 Before actual equipment testing is underiaken,
review the results of the primary search in Chapeer 3.
This review may reveal information that will eliminate
the need for further testing or this information will be

useful in making further tests.

4-2.2 Ensure that spills or deliberaie disposal are not
the leakage source. keeping in mind the possible transit of
liquids by trenches and underground water. (See Chapter
3

4-2.5 Recheck stock records for indications of loss: but
de na¢ jump to conclusions. Meters may be off caltbra-
tion. causing only a paper loss. not a physical loss.
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4-2.4 Temperature change mav lalselv indicate a lass.
The volume of peroleum products s highly sensitive o
termnperaiure change. A dinp of one degree Fahrenheit
will shrink 1000 gal (3785 L1 of gaseline by "0.7° gal
12 2 Ly This mav at first seem small bur consider a
tvpical example. In the spring. the ground will still be
relatrvely ool from the preceding cold weather. while hg-
uwids stored and transported aboveground may be

relavively warm.

4-2.5 A wypical underground gasoline siorage {ank may
handle 20.000 gal (75 700 L) in one month. If, on the
average. this liguid cocled 3°F (2.8°C) afcer delivery,
stock records will show aloss of 5 = 0.7 % 20 = 70 ga
{265 L}. Ten degrees coohing would appear as a 140-gal
{530-L) loss for 20.000 gal (75 200 L) handled, and a
280-gal (1060-L} loss for 40,000 gal (151 400 L) handled.
Obviously. a temperature increase would have the op-
posite effect and could actually conceal a physical lass,

4.2.6 Finally, theft may be the cause of reported stock
loss.

4-2.7 Consequentiy, further checking must be per-
formed before a facility is implicated on book stock losses
alone. Check meters for calibrarion. Check relative tem-
perature of delivered and stored product during the
period in question. Check for the possibility of thel.

4-3 Checking Inventory Records.

4-3.1 A carcful check of inventory records will be very
helptul in determining the course of further investiga-
tion. (See Appendix B for a description of inventory con-
. trol procedures.)

4.3.1.1 If the reason for the check is a report of loss of

inventory but no liquid or vapor has been reported in -

unexpected locations:

(a) Loss due to meters out of correct calibration, loss
by contraction due to lower temperatures, or thek would
indicate that a hazard need not be expected. Further
Lesting is Dot necessary;

{b) If not solved as in (a}. evidence of an inventory less
requires further testing to determine the cause. [t also in-
dicates thar a potential hazard may develop from the
escaped liquids and a check of the surrounding area
should be made for signs of contaminacion. (See 3-2.2. 4
through 3.2.2.4.7.}

4-3.1.2 If the reason for the check 18 discovery of
escaped liquids or vapors found underground:

{a) Evidence of inventory loss strongly implies the
source has been found but subsequent checks to deter-
mine how the loss has occurred must be made before
definite conclusions can be drawn;

{b) Loss parially eor torally explained by off
calibration meters, temperature shrinkage, or theit can-
not be considered as conclusive evidence that the site in
question is net a source. Records are often incorrect or in-
adeguate: unless another source is found and considered
to be a satisfactory solution 1o the problem. other tests
must be perfermed to draw definite conclusions,
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4-13.1.3 [n tank monitoring sssierths thae incorporate
automatic gauging equipment mas be wsed (o accomplish
inventory controd and o indicate possible leakage

4-3.2 Pressure Testing with Air or Other Gases,
Pressure testing. with air or ather gases. ol tanks or pip-
ing containing flammakle or combustible hiquids is nai
recommended, should not be required by regulations or
ardinances. and should be discouraged in practice. Such
lests are not like!y ta detece a leak thar is below the liguid
level in the rank. and there is severe danger of causing a
tank rupture, or expulsion af rontained liquid through
narmal openings.

SOTE. There are systems that use unique gases thay are nat
depeadent on presute for detection of leaks.

3.3 Testing Underground Facilities.

4-3.3.1 Using the information gained from the primary
search procedure (see Section 3-2). use the fotlowing tests
in a legical process of elimination. For examnple, if water
is reported as entering a tank, or if the canks are old and
corrosion i3 known to exist in the arfa, make the
Prcliminary checks on the tanks first. On the other hand,
if pumping troubles are reported. the piping is suspected
and preliminary tests should be periormed on under-

ground piping first.

4-3.3.2 The tests described on the following pages are
listed in approximarte order of ease of performance, the
easiest being first. The sequence should be varied to fit
the circumstances. as noted in the preceding paragraph.

£-}.4 Checking Underground Pipe.
4-3.4.]1 Check for:
(a) Recent diggini. driveway repair, or other work in
the area which may have damaged underground [ines.
{b) Any recent repairs that may have been made in-
dicating a previous leak or perhaps creating a leak due to
faulty work.

(c} Any evidence of shifting ground, such as (rost
heave, which may have damaged lines.

(d) Soft spots in asphalt paving indicating solvent ac-
tion of liquids or vaper.

4-3.4.2 If information on the location of liquid under-
und has been compiled by methods described in
hapter 5, “Tracing Liquids Underground.” review this
infermation for possible patrerns that may indicate a spe-
cific pipe is likely o be the source, It may be advisable 1o
drive or drill additional holes to define more definitely
where the liquids are and how they are flowing. (Review
in particular the information in connection with Figure
10 in Chapter 5.)

4-3.4.3 The test 10 he used on piping will depend on the
method used 10 move or pump the stored liquid.

4+3.5 Hrydrostatic Test of Piping. Isclate the piping
and conduct a hydrostaric pressure test at 150 percen of
the maximum anticipated pressure of the system. but noc
less than 5 1b per sq in. {34.48 kPa) gauge at the highest
potnt of the system. The test should be maintained for at
least 10 minyues. [f the pressure drops. it indicates the
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punssibibiey of a leak in the piping and s recommended
that g velumetrie test he performed §r should be novedd
that o loss ol Digquid pressure can be atinbuted o the
fllowing. o tine ieak: a decrease in Lguid temperature in
the lime: piping distorgon due o the liquid pressure; or
entrappeil vapor in the piping Accumulated liguid loss
during a solumetric test of more than 0.0% gallons (0. 19
liters) per hour during timed restoration may indicate a

leak in the piping.

4-3.6 Suction Line Testing.

4-3.6.1 If the pump used in moving the liquid 15 above
ground, the supply pipe aperates under vacuum oT $uc-
tion and certain pumping characteristics indicate either a
leaking check valve ar a leaking pipe. If there is a leak,
air wii% enter the pipe as liquid drains back into the tank
through the check valve or through a pipe leak into the
ground. The presence of air will be indicated by the ac-
tion of the pump in the first few seconds of operation
after an idle period. If the pump is equipped with a meter
and caost/quantity display device such as is found in a
gasoline service station, pumping of air is indicated by
the display wheels ll:irping or jumping. Other indications
of air in the suction une are;

(a) The pump is running but not pumping liquid.

(b} The pump seems to overspeed when first turned on
and then stow down as it begins 1o pump liquid.

{<) A ratling sound in cthe pump and erratic liquid
faw indicates air and liquid are mixed.

4-3.6,2 If any of the preceding condirions indicate a
leak in the suction line, the check valve should be in-
spected first. Some check valves are located close to the

ump inlet, others are mounted in the underground iﬁe
just above the tank, and some may be on the end of the
suction stub inside the tank. Some of those valves located
in the pipe above the tank can be inspected and repaired
from the surface of the ground through a special extrac-
tor mechanism ionstalled with the valve, If not, or if che
valve is inside the tank, it may be necessary to dig down to
the tank 1o check the valve or disconnect and seal off the
pipe for a hydrostatic pressure rest.

 4-3.6.83 Generally, digging down to the check valve or
tank should be delayed until other more easil formed
surface rests have failed to reveal the teak. If there is any
doubrt that the check valve scats tightly, repair it, replace
it. or sea) it off. Then repeat the pumping test and, if air
is still entering the suction line, it may be assumed the
pipe is leaking underground and it should be expased for
inspection. Dig carefully 1o avoid damage 1o the fipt
which might make it impossible to verify whether a leak
actually existed prior 1o uncovering.

4-3.6.4 If the pumps do not exhibit the symptoms of a
leak as described above but there is still reason to suspect
a pipe leak; or, if a complete systemn check has been per-
formed and it is now necessary to isolate and check the
piping system, individual pipe runs may be isolazed and
hvdrostatic pressure rested,

4-3.6.3 A liquid volumetric pressure test can be per-
formed on a suction line by connecting to the exit port of
the air sliminator, or other appropriate fitting. This con-
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aecuinn will |Jl:‘f'l‘|'|“ prowsure (o by ;Lm:;t_lu'l.i L [he sucrion
piping lrom the pump ta the check vabve. [nothis west. the
hytleontatie prroessure showa il oot exeeed 5 par {103 4 kFa)
in order to prevenn damage tu the pump

4-3.7 Discharge Pipe Line Testing {Pipe under Pres.
sure from Remote Pump).

4-3.7.1 Quite often pumps are located in the tank. or.
ON SOME Tare occasions. just above the ank bui remore
from the dispensing devices. [n such cases. the pipe to Lhe
dispensing equipment operates under pressure, A leak in
this line will cause rapid loss of pressure after the pump is
turned off. This can be checked using the procedure de-
scribe + in 4-3.5 ar. if not practical, in the fotlowing man-

ner.

4-3.7.2 At the dispenser end of the pipe. close the emer-
geney shutoff valve at the base of the dispensers or close
any valve upstream of any hose to hold pressure ar the
dispenser end. The pump end can be sealed off by setring
the check and relief valves in the head of the pump. The
check valve is readily accessible in the manhole over the
ump. and most are equipped with a screw or belt sup-
plied for the specific purpose of positively seating these
valves for line checking. Install a pressure gage in the line
(a minimum 3% in. (76 mm) dial with maximum 60 psi
(3100 mm Hg) range should be used te clearly show
graduations of 1 psi {51.72 mm Hg)]. Generally, the hest
location for the gage is in the emergency shutoif valve
under the dis r where 1y -in. or other small-size plugs
are installed for this purpose. Start the pump. note the
maximum pressure, seat the check valve, wrn off the
pump and observe any pressure drop. The test should be
mzintained for at least |0 minutes. If che pressure drops,
it indicates the possibility of a leak in the piping and it is
recommended that a volumetric test be performed. It
should be noved that a loss of liquid pressure can be ac-
tributed 1o the following: a line leak: a decrease in liquid
temperature in the line; piping distortion due to the lig-
uid pressure; or entrapped vapor in the piping. Ac-
cumulated liquid losses during a volumetric test of more
than 0.05 gallons {0.19 liters) per hour during timed
restoration may indicate a leak in the piping.

4-3.8 If the preceding tests do not reveal a leak, they
should not be considered as conclusive and undergound
piping must be included in the Precisicn Test described

im 4-5.11.

4-3.9 Checking Underground Tanks.

4-3.9,1 Review the information obtained from the
primary search described in Chaprer 3. Ask about,
observe, and note in particular:

(a) Method of filling tanks — damaged fill pipes,
poorly maintained tight-fill connections or hose cou.
plings, driver carelessness. or even overemphasis on full
deliveries may cause some of the product to be spilled
around the pipe when a delivecy is made. Particulariy.
check fil} pipes installed under manhole covers. On nighe
deliveries in which the tank 15 filled inco the Gl pipe a
warmer underground product temperature can cause
considerable overflow due to expansion before dispensing
hegins the following dav:

T Nt
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thy Any evidenee ol geownd settiement around 1anks
arul any sign of work thar may have damaged the tank or
s Srongs:

tcd Hesrory of past or recent work on che tanks or at
tached piping:

i} The presence of excessive amounts of water in the
tank and any history of past water removal. {Use water-
finding paste on the gage stick.) Ascerrain, if possible, if
the water increases during periods of heavy rainfall and
remains constant ar diminishes during dry spells. Also, if
possible, ascertain the depth of the water table. i.e., the
static level of the groundwater, by using an easily drilled.
prebed, or excavated area close to the tank(s) or some ex-
isting undrained opening:

(¢) The age of the tank: in parricular, as it re te5 to
the history of corrosion in the vicinicy:

{f} The location and flow of tiquid found underground
by gas sensors or visual inspection, It may be advan-
tageous to drive or drill additional holes 1o develop more
detailed information.

4-3.9.2 Use this information t¢ guide subsequent in-
spection and testing.

4-3.10 When Water is Reported to Be Entering a Tank.
4-3.10.1 Check the fill pipe to ensure that wacer is not
entering through a loose Gl cap.

4-3.10.2 Check the surface area around vent lines for
evidence cthat water may be entering by this route. Stand-
ing water over vent lines may be the source, Note this
possibility for future use.

4-5.10.3 [If no explanation, except a possible leak, is
found for water in vhe tank, carefully record the depth of
water by water-finding paste, and tightly close and lock
the fill cap. After B to 12 hours, remove the cap and
again check for warer. If che rise in 12 hours exceeds 14
in. (12,7 mm), close and lock the cap and check for
ancther 8 to 12 hours. I the rise in the second period
clasely marches that of the first period, a leak is probable.
A rise of less than Y in. (6.4 mm) in B hours s in-
conclusive due to the inability to measure the water level
closer than to within 4 in. (6.4 mm). Longer test periods
will have to be used co determine definitely if a leak does,
in Fact, exist. Best results will be obrained if the water
depeh is less than 3 in. {75 mm) ac the beginning of the

Lest.

4-3.10.4 The above tests are rot conclusive if the warer
table is above the top of the tank, as water could be enter-
ing around pipe connections into the tank rop or through
unused plugged or capped openings in the top of the tank
thar are not watertight. Also. if water is encering the tank
at these top openings it is not significant from the stand-
paint of tank leakage. Likewise, these tests are not con-
clasive if the tank is full. or substandally full, of product.

4-3.10.5 In fact. water may not enter the tank if the
level of product is at or above the level af the water table
outside the tank. These tests are relativelv effective if the
tank is pracrically empty and the warter table is high but
still below the tank top. A tank partially below the water
table can have water enter. or lose product, through the
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sune beak depeniding an the relgtine levels of the groynd.
water amd vhe product in the tank

=3 06 1t a leak s amlicated by chee abmier test pake ap-
propriate actien

4.3.11* Precision Test.

4-3.11.1  Precision Test. as used throughourt this pam-
phlet. means anv test that takes into consideration the
temperature coefficient of expansion of the product
bring rested as reiated to any temperature change during
the test, and is capable of detecting a ioss of 0.03 gal t190
ml} per hour.

4-3.11.2 A test chosen from currently available technol-
0gy to rteasonably determine whether an underground
liquid storage and handling system is leaking should be
used. Any tescing device used for the Precision Test must
be capable of detecting leaks as small as 0.05 gal {190 ml}
in one hour, adjusted for variables, a limitng criterion
widely accepted by mast authorities. Precision Tests
should be performed by qualified technical personnel ex-
perienced in the use of the test method and in the inter-
pretation of data produced.

4-3.11.3 The test procedure should measure the
amount of liquid lost based upon fundamentally sound
principles. It should detect a leak anywhere in the com-
plete underground storage and handling equipment. 1f
the net change exceeds 0.05 gal (190 ml) per hour or
equivalent criterion established for the technology
employed. a leak is likely to exist, and appropriate cor-
FECLIVE ACTION I5 NECEssary.

43.11.4 The Precision Tes should account for all the
variables that will affect the determination of the teak
rate. An underscanding of what these variables are and
how they are handled is essential (o effective performance
of the test. Following is a discussion of some of thoss
variables and how they affect the measurement.

4-3.12 The Effect of Temperature,

$-3.12.1 Liquids expand with an increase in rempera-
ture and contract with a decrease in temiperature. Figure
2 lists the thermal coefficient of expansion for some of the
more common flammable and combustible liquids.

4-3.12.2 For example, note that a temperature decrease
of only 0.02°F (0.011°C) in one hour in & 6000 gal
(22 710 L} tank containing gasoline would cause a volu-
metric decrease of 0.029F (0.011°C) x 0.0007 x 6000
gal {22 710 L} = 0.084 gal (318 ml) which exceeds the
0.05 gal {190 m" considered ta indicare a leak. If chis
temperature change was not derected and accounted for
in a test, a Jeak would be assumad where none existed,
And in a like manner. if the iemperature increased. a
lezk could be concesled by volumetric expansion if the.
Temperature change was not detected .

4-3.12.3 It is somerimes proposed that this problem can
be overcome by flling the tank 10 or 12 hours before a
te#sl tun, on the assumprion tha: che product temperature
will stabilize. Extensive tests have shown thac this is
seldom if ever true. When liquid iv added o fill & 1ank for
resitng. it will often require several davs for the liguid 10
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FESTING FOR UNDERLROUND LEAKS

Volwmetric
Coeflicwen
ol Expannon

Therma! Expansion of Liquids

per Degree

Acrtone 0. 0N 3
Amxl acetate 0. 4068
Benol [bentene) 00071
Carbon disulfide 0.00070
Ethyl viher 0 Q098
Eihyl acetace 0. 00079
Echyl alcohal . . 0.00062
*Fue] Ol #1 - Ketosene .. o . 00005
="Fuel Oil #2 - Dhesel . . .. . .. : .. 0.000435
"Casolime .. ... ... ... ..., e 0.0007
dechyl aleohal . e 0.00072
Teluo! {toluene)y .. ... .. .. 11.06063
Water — at68°F .. .. .. . 0.030115

*These are (ypical coefficients of expansion. but may vary ing
on componenc of the mizture and on the teanperature. See ASTM

1250-80, Petroleum Measurement Tables. for further information.

Figure 2

stabilize to ground temperature, which in itselt is con-
stantly changing. The rate of temperature chan in the
firse day or two will generally be in the range o 0.02°F
(6.11°C) per hour to 0.25°F {0.7°C) per hour. In addi-
tion, the rate of temperature change will vary depending
on the temperature and volume of the product in the
tank as well as the product added. Obviously, the test
must be capable of detecting temperature changes to the
accuracy necessary to assure compliance with 4-3.11.

4-3.12.4 Anocher temperature effect that must be rec-
ognized and accounted for is temperature stratification
or “jayering.” Layering occurs when product of a dif-
ferent temperature is added to product already in a tank
(i.e., product is added to warmer product already in the
tank): in addition, layering occurs as a result of ground
temperature variations with depth. Tempecrature méa-
surement must include a method for averaging any dif-
ferences in temperature throughour the tan{li

4-3.13 The Effect of Tank End Deflection.

4-3.13.1 Some techniques require filling the tank to a
point above grade. This increase in heignt of liquid in-
creases the pressure inside the underground tank over the
normal operating pressure. This is illustrated in Figure 3.

—trey T I
Lhﬂmh 'HI
HeRght g -
| * -.EﬁU ﬁr Hl |

»

TEST COMDITION

MOAMAL QOFERATION

Figure 3

4-3.13.2 In a &-ft (1.5-m) diamcuer tank the average
pressure an the end ar “head” of a tank [ull of tvpical
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gasoline is 0. 94 ps: (30 mm Hg). 1F the tank i hured 3 £
(i m) umler the driveway {typical for mow gasoline
ranks). the average pressure on the head will inorease 1o
approximately 2.95 psi {153 mm Hg1y when the Bl pipe
and standpipe are filled to 3 teil m) above gradde. Thein-
crease of approximately 1.95 psi (100 mm Hg) in the
AVETAge Pressure exerts an additional force on the end or
“head' of the tank of about 8000 pounds, or 4 tons.

4-3.13.3 Most tank ends’ of the type normally used un-
derground are made of L4 -in. (6.4-mm) thick steei plate
and will deflect ourward as pressure inside the tank in-
creases. {See Figure 4.)

— stendpize

"l Hoad whom hall B
'i. smpir

il-—nui. i ferand 0w
in propetlion &
o T
frem Hynl.

":l-l

e Prustire o (il pregorilenate M
paight o liguid iw 19AR O Yol J.

" b

—
e e

¥

Figure 4 Tank End Deflection

4-5.13.4 §f the tank is located above ground and the
heads are not supported in any way. it is ssible to
predice che amount of movement that will result from any
given change in pressure and, when the amount of move-
ment is known, the resulting increase in velume of the
tank can be calculated. However, when tanks are located
underground they are subject 10 an infinite variation in
support fram the surrounding soil, and it is not possible
to predict how much movement will take place. Very
solid soil may provide close o full support, but normally
soils will consolidate (o some degree. particularly if they
are wet, thereby allowing tank expansion and end deflec-

tLon.

4.3.13.5 Extensive study and testing have revealed thac
i\ almost all cases tank movement significant 1o the rest
for leaks will ocrur. It will not occur suddenly because of
the time required ta consolidate the soil. Under a con-
stant increased pressure it will normally take several
hours for the tank to stabilize. The table in Figure 5
shows the volume increase as a result of various degrees af
movement in the tank ends. The figures underlined are
the maximum normally encountersd with underground
steel tanks; the tast figure in cach borizontal row is the
maximum possible for the tank size in that row.?

The Precision Test methad employed sheuld be abic to
clearty indicate the possible effects af tank end deflection
and either provide a means of compensation or elimina-
tion of the effects.

—_————rer —— T

L Alhrugh most berglass tanks have aval or spherical Frds the same
phenomengn of expaniion will geeur due o Neaure briwsen the tibs an

the tides af the 1ank

*Compalible ligures are not vel avaitabte for fiberglass tanks. The
|atest data inclicace thay expansion dur 1o sibe Mexuer may sceed that
for Fexgre af wrel tanks
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4.3.14 The Effects of Water Table. As stated in sub-
section 4-3.10, there are many instances v -2 water may
enter a tank systen. The Precision (est method
empioyed should be able to indicate clei y the possible
effects of water in the Hackfill area areund the tank
system and provide 2 means of cither compensation or
glimination of the effects.

4-3.15 Effects of Entrapped Vapor. Hi h-vapor-
pressure materials combined with air in the E:rm of a
vapor-air pocket will be affected by both temperature
and pressure chaoges: volume expansion or contraction
will occur. Precision Test methods employed should be

able to indicate the lprmnc: of entrapped vapor that may
affect the results of the test. The test method must re-

quire the removal of the entrapped vapor or compensate
far the effeces of the entrapped vapor.

4-3.16 Effects of Evaporation. Some ligquids, espe-
cizlly highly volatile liquids, have high rates of
evaporative losses if their surfaces are exposed. The Preei-
sion Test methad employed should be able to indicate
clearly the possible effects of evaporative losses and com-

pensate for them.

4-3.17 Water Testing.

4-3.17.1 Tests involving the addition of water to a tank
may be useful when tanks ~re empty. Warer is difficult to
use in cold weather. It will not detect leaks of tess viscous
liquids, and contarination of che storage and dispensing
systemn can be a major probiem,

4-3.1% Insummary, the fullnwin%majur facters must be
accounted for in the Precision Test to determine the
presence or absence of a leak in an underground liquid

storage facility:

{a) The temperature change of the liquid in thac
peried of time,

(b} The movement of tank ends as pressure is in-
creased.

{c) Water table.

(d} Enr.rappcd YapOoT.
(¢} Evaporartion.

Chapter 5 Tracing Liquids Underground

5-1 General. The underground, as referred o in this
recommended practice. consiscs of an almost infinite var-
ety of rocks and scils. tunneled. picrced. and trenched by
man-made structures and pipes. Al these provide paths
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for muowement of |u_|uit| winlergiiumd Flow o} liquiel in
tunnels sewer pipes. ant apef teemches s absoons gnd
refavively eass 1o trave by absersgiwn gl VAPOF [esEing
Flow i soil amd rocks 1 oa roenpilicated matter A few
Baste principles witl provide an tunderstanding rhar will
elften prove sulficient 03 solve many prohiems of tracin
the source nf yneonfined ftguils. Even thaugh such basic
understanding may prove inadvquate for a particular
problem, it is zssential o select and coordinate the par-
ticular expert skills necessary to solve the more complex
problems.

5-2 Background,

3-2.1 The principat characteristic that permits liquids
to encer, and accumulate or flow through soil or rock is
porosity or, simply, the space or “voids” berween the par-
ticles that make up the soil or rock. The size of the voids
in s0il will vary from large in grave!, through smail in
sand and topsoil, 1o essentially zero in fine, dense clay.
Rock almast never has large voids but sandstones and
limestones have voids similar to a fine sand.

5-2.2 Rare of flow through soils and rocks depends
targely on the size of the voids; with large voids (gravel)
the flow can be several feer per minute; medium voids
(sand} will provide several feet per hour; and fine voids
(shale or sandstone) may be as stow as ane foor per day.

5-2.% The term used to express this race of flow i per-
vious. A very pervious soil will permie fast liquid flow: a
relatively imperirous soil will permit only very slow flow.
When the word rmpertious is used alone, it implies no
flow; chus glass is impervious to the flow of water. .

5-2.4 Porosity does not ensure a pervious condition. If
the pores of a rock are not interconnecred, the rock will

be impervious.

5-2.5 Crystalline rocks, such as granite and marble, are
essentially impervious in their solid stace bur these rocks
often have fractures or cracks chat do permit flow. Rate
of flow through rock fractures will vary from large con-
tinuous cracks which will act like a pipe. (0 very smali ir-
regular cracks which may result in flows similar to those
found in fine sand.

5-2.6 Almost all lammable and combustibie liquids are
lighter than water and consequencly they will foat on
waier unless they are water soluble. When these liquids
tscape into the ground they will normally Row down 1o
the water in the ground and there move with that water.
An underscanding of undwater flow is essential g
trace flammable and combustible liquids underground.

3-2.7  Warer is almost universally found underground at
some level in soil or rock. It may be in very timited quan-
tities and only “dampen” the s0il. But when it f5lls all the
voids and “saturates” the s0il ar rock up 1o a certain level,
it becomes similar 10 water in a pail and establishes a
definice top, referred to as the water rable.

5-2.8 Figure 6 illustrates thar this groundwater may oc-
cur in several layers underground. A porous laver be-
tween (wo nonporous layers may be completely Glled or it
may be only partally filled angd have its own water table.
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